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Abstract 
With continued growth in population the demand for increased housing remains causing the 
need for traditional single family homes to be built.  However, with sudden increase in 
developed areas predominantly relying on single family residential type developments, 
commonly known as “cookie cutter” type developments, the concern for more self-sustained 
design will continue to escalate. 
This project provides an option for a self-sustained design of a single family home that includes a 
fully integrated aquaponics system.  This type of development will present a new way of living 
for families who are interested in providing a healthier lifestyle for themselves and a greener 
future for their children.  Using current tract homes as a design base to be utilized with 
aquaponics systems will create sustainable ways to address the need for a more self-sufficient 
design.  The use of existing tract housing development will be altered to show how aquaponics 
can be integrated with current tract housing designs to improve standard trends. 
This project will aim to create a new method of approach towards including self-sustenance in 
the continued growing demand of cookie cutter home designs in isolated and/or over populated 
locations such as Hawai’i.  
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Introduction 
Overarching Theme & Background 
As people become richer and move into cities, global demand for meat, fish, and vegetables will 
continue to grow, and by the year 2050 there will be another two billion people to feed.1  As 
seen in Figure 1, the World Population: 1950-2050 chart, the population increased from three 
billion in 1959 to 6 billion by 1999, showing that the  population nearly doubled in only 40 years.  
Furthermore, the latest projections for the near future imply that the population will increase 
another 50 percent in a 45 year span from 6 billion in 1999 to 9 billion by 2044.  Proving that 
with natural resources such as water or more specifically biotic resources such as forests, 
animals, and fish quickly declining there will continue to be more pressure on natural systems 
for livestock farming and there will be a huge burden on the earth to meet the needs of our 
human future existence.  Therefore, we need to find new ways of meeting these needs by 
                                                          
1 Bureau, United States Census. "United States Department of Commerce." International Data Base. June 
2011. http://www.census.gov/population/international/data/idb/worldpopgraph.php (accessed 
October 6, 2012). 
Figure 1:  Increase of world population from 1950 to present with estimated trends of
 population from present to 2050 
Source: http://www.census.gov/population/international/data/idb/worldpopgraph.php 
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reducing our dependence on transportation of food sources and our unreliable habit of wasting 
earth’s most viable element and source of life, water.   
With the steady increase in water shortages, the conventional methods of farming are becoming 
less reliable.  Although food security has been significantly increased in the past thirty years 
there continues to be an agricultural crisis with water withdrawals for irrigation representing 
66% of the total withdrawals and up to 90% in arid regions, the other 34% being used by 
domestic households (10%), industry (20%), or evaporated from reservoirs (4%).2   
Over the years the per capita use of water is estimated to increase dramatically due to changes 
in lifestyle and population growth; meaning that the water used to produce food for human 
consumption, industrial processes and all other uses will continue to be scarce.3  Within the next 
fifty years, the world’s population will increase by another 40 to 50%; resulting in an increasing 
demand for water that will lead to loss of the aquatic ecosystems and their dependent species.4 
Why Aquaponics? 
So why aquaponics?  With the world population growth showing a continuous increase there 
will be inevitably less farmable land due to the need for more housing and support facilities, as 
well as an increased demand for food and water.  The decrease in farmable land will also result 
in declines in crop production and fishing which could eventually lead to increase in related job 
losses.      
Crop production and fishing are both expected to see declines in the next few years, according 
to the Employment Projections for Industries and Occupations 2008-2018, most of Hawaii’s 
                                                          
2 Shiklomanov, Igor A. Water Crisis: Towards a way to improve the situation. 1999. 
http://webworld.unesco.org/water/ihp/db/shiklomanov/index.shtml (accessed August 29, 
2013). 
3 Hollander, Jim. Water Crisis. 2012. http://www.worldwatercouncil.org/library/archives/water-crisis/ 
(accessed August 31, 2013). 
4 Hollander, Jim. Water Crisis. 2012. http://www.worldwatercouncil.org/library/archives/water-crisis/ 
(accessed August 31, 2013). 
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industries are projected to grow, but there are eleven that are expected to endure employment 
declines.5  
 
As seen in Figure 2, crop production is estimated to eliminate up to 80 jobs in the next five 
years.  And in the job loss list of Long-term Industry Projections, State of Hawaii, 2008-2018; 
natural resources such as fishing is estimated to decline and average annual growth of -0.1%.  
Figure 3 shows a detailed average of job loss projections in the state of Hawaii over the course 
of ten years. 
With aquaponics integrated as part of tract homes/cookie cutter: as defined by Merriam 
Webster Dictionary “a house that is one of many similar houses built on an area of land”,6 with 
this type of design there will be less need for farmable land, it could help to meet increase 
demands for food and water, it improves current suburban living styles by providing a more 
                                                          
5 Relations, Hawaii State Department of Labor and Industrial. "State of Hawaii Planning Approval." 
Employment Projections for Industries and Occupations 2008-2018. September 2010. 
http://manoa.hawaii.edu/ovcaa/planning_approval/pdf/Long-Term%20Projections%202008-
18.pdf (accessed August 30, 2013). 
6 2013. Tract House: Merriam-Webster Dictionary. Accessed November 27, 2013. http://www.merriam-
webster.com/dictionary/tract%20house. 
Figure 2:  Crop Production job loss in the state of Hawaii from 2008-2018 
Source:  http://manoa.hawaii.edu/ovcaa/planning_approval/pdf/Long-Term%20Projections%202008-18.pdf 
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sustainable option for living, and most importantly it could create more jobs through support 
maintenance facilities for single-family home aquaponics systems. 
 
Why Tract Housing Development? 
Percentages of single family home development have shown a recent increase in the Ewa and 
Kapolei regions of Oahu.  As seen in the Forecasts chart in Figure 4, the National Association of 
Home Builders shows that there was a twenty-one percent increase for single-family homes in 
2012 and it is forecast to increase another twenty-six percent by the end of 2013, compared to 
the decline of multifamily homes decrease of nearly twenty percent.7  
With population increase, global demand for food and water, growth of tract housing and 
dependence on imported goods,  it becomes essential to understand the importance of looking 
                                                          
7 Barringer, Tory. 2012. NAHB: Housing Construction on Track for Growth in Coming Years. October 19. 
Accessed September 30, 2013. www.themreport.com/articles/nahb-housing-construction-on-
track-for-growth-in-coming-years-2012-10-19. 
Figure 3:  Average job loss projections in Hawaii from 2008-2018 
Source:  http://manoa.hawaii.edu/ovcaa/planning_approval/pdf/Long-Term%20Projections%202008-18.pdf 
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into more self-sustained methods that are conscious of creating better alternatives for current 
and future generations.  
 
Initial Arguments 
Architecture design should include more innovative self-sustained methods such as aquaponics, 
especially in places such as Hawaii, which rely solely on imported goods.  The survival of Hawaii 
relies on imports, where aquaponics intent is to help encourage self-reliance.  More self-
sustained methods such as aquaponics should be included as part of architecture design.  
Since traditional farming primarily involves growing food in the ground, the basics of how food is 
grown and transported have not changed.  However, considering the lack of open farmable 
land, increase of global water shortages and unreliable weather conditions, particularly in 
Hawaii, growing plants in the ground is quickly becoming an unrealistic way of providing a 
healthy source of food.  Growing food in the ground requires an immense amount of labor, 
including expensive energy consuming machinery to complete various tasks; till soil, add 
Figure 4:  NAHB Forecasts for Single-family/Multifamily Homes from 2013-2014 
Source:  http://www.themreport.com/articles/nahb-housing-construction-on-track-for-growth-
in-coming-years-2012-10-19 
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fertilizer, and plant and harvest crops.  In addition, with organic gardening, working organic 
materials into the soil adds an extra task to the already labor intensive process of farming.  
Furthermore, with conventional farming methods large amounts of fertile land is required which 
often lead to massive amounts of energy use due to the need for transportation of water to 
fertile lands. 
For aquaponics since soil is not needed and water is being recirculated it avoids having to do 
labor intensive work such as working the soil, adding fertilizer or organic materials, and most 
importantly there is no need for scarce land with fertile soil.  Since water is no longer being 
wasted in the ground, through a closed loop recirculating system, the nutrients from the fish 
water are now delivered directly to the roots of the plants, allowing crops to harvest in half the 
time year round while using as little as 2% of the water that conventional farming uses. 
An aquaponics system can be set up anywhere that adequate light is available, and where 
temperature extremes can be avoided or altered. This opens up areas of the world with poor 
soils and little water to become lush producers of quality organic produce, while naturally fertile 
lands can be freed up for other uses or left as a natural habitat. 
Aquaponics also provides a good source of edible fish. And since there are many concerns about 
the safety of imported fish and the impact of harvesting wild fish, people are turning to 
domestic fish farming, more formerly known as aquaculture. However, the popular fish farming 
usually requires a constant large supply of fresh water and produces a lot of waste water full of 
high concentrations of fish wastes, which are often dumped into the environment. Aquaponics, 
on the other hand, has the benefit of farming fish alongside the crops without the pollution and 
demand for large amounts of water required for aquaculture. 
In that sense, architects should consider including aquaponics in architectural design because it 
provides more self-reliance and illustrates sustainability which is fundamental to the survival of 
both isolated and/or over populated areas such as Hawai’i. 
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Research Questions 
The following lists research questions that will be addressed throughout the duration of the 
project: 
1. What are some ways of practicing self-sustainability for medium income families? 
2. How can the Architectural Engineering and Computer Aided Design (AEC) industry be 
better leaders of self-sufficiency? 
3. What are the main reasons for using aquaponics? 
4. What are some of the issues for self-sustained practices such as aquaponics? 
Project Focus 
There are various innovative ways to integrate self-sustained practices in the field of 
architecture.  The focus of this project will help to increase awareness of different self-sustaining 
methods such as aquaponics, encourage AEC to provide better sustainable living environments 
through aquaponics, preserve the quality of life and the future of Hawaii through aquaponics 
and encourages a more self-reliant culture.  Through research and design, investigations will be 
made on the various ways that aquaponics could be integrated into the practice and design of 
architecture.  Since traditional farming is quickly becoming part of the past, this project will 
focus on ways to implement self-sustaining methods, such as aquaponics, into current designs 
of single family residential homes.     
Recent building trends have shown that there was a twenty one percent increase in single family 
homes in 2012 and it is forecast to increase another 26 percent by the end of 2013 as seen in 
the forecast by the National Association of Home Builders.8  Although this project will focus on 
single family homes, particularly Trades by Gentry, the main focus of this project is not the 
location but the single family home trend and how this doctorate project could enhance self-
sustained living which will help Hawaii continue to thrive. 
                                                          
8 Barringer, Tory. 2012. NAHB: Housing Construction on Track for Growth in Coming Years. October 19. 
Accessed September 30, 2013. www.themreport.com/articles/nahb-housing-construction-on-
track-for-growth-in-coming-years-2012-10-19. 
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Project Goals 
The goals for this thesis project will be as follows: 
1. Bring awareness to the importance of self-sustenance. 
2. Investigate aquaponics as a self-sustained practice. 
3. Demonstrate that aquaponics is viable for novice users. 
4. Show that AEC can lead the way for self-sustained aquaponics. 
These goals will be completed through integrating aquaponics systems in single family 
residential home designs and providing examples of how this type of architecture could work 
with current tract housing developments.  It is in hopes that this doctoral project results in a 
new architectural trend that establishes a better way to provide options of self-sustenance such 
as aquaponics through current and future architecture designs. 
Audience & Outcomes 
The audience of this project includes the School of Architecture and College of Tropical 
Agriculture and Human Resources under the Department of Molecular Biosciences and 
Bioengineering, including single family developers and future and current tract housing 
homeowners.  This project aims to create an innovative design for the future of cookie cutter 
home developments in hopes that the idea will enhance current developments to create more 
innovative designs that is better for our environment and enhances the future of our children.  
This research will provide insights on issues pertaining to the current housing developments in 
Hawaii and brings awareness to what can be done to create a better lifestyle.   
This project aims to create an idea through the design of cookie cutter homes in locations like 
Ewa Beach to provide better alternatives to residential developments in over populated and/or 
isolated areas. 
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End Project & Level of Development 
The end project is to provide a design example of single family homes that bring awareness to 
the importance of self-sustenance through aquaponics.  The design of the medium income 
family home will focus on the current trends of cookie cutter family homes, particularly in the 
Ewa and Kapolei regions of the island of Oahu where development for residential homes are 
increasing. 
Currently the need for residential development is continuously growing, so this project will aim 
to design a home that is integrated with an aquaponics system.  Many of the do it yourself 
aquaponics that claim to create simple farming methods for produce and fish end up generating 
more costs than the user anticipated since a “successful fish tank requires constant monitoring 
of everything: PH levels, Nitrates/Nitrites, & temperature.  If any of these measurements get out 
of whack, prompt corrective action is needed to prevent further deterioration”.9  With 
aquaponics already integrated into the design the user will have a fully cycled system that 
creates fresh produce and fish for the family along with other important sustainable aspects 
such as solar insulation, green roof, reduced water runoff and lowered effects of heat islanding.  
Similar to current tract housing developments, the home owner will have the option of choosing 
from three design options which could be integrated into the four single family home layouts 
ranging from three to four bedrooms.  Although only one plan design will be used for this 
doctoral project, three options for aquaponics design integration will be provided for the final 
outcome.  The current problems with “do it yourself” aquaponics systems will be discussed and 
solutions to those problems will be provided through concept design and investigation.    
The final level of development will consist of a single family home design integrated with an 
aquaponics system designed to accommodate fresh produce and fish for a the home owner and 
their family.  This doctoral project is intended to provide future generations with a new 
innovative way of being more self-sustained through the use of aquaponics integration with 
single family residential homes. 
                                                          
9 Robb, John. 2013. One way to make aquaponics easier. August 7. Accessed September 10, 2013. 
http://www.resilientcommunities.com/one-way-to-make-aquaponics-easier/. 
16 
 
Enhancement of my own Educational & Professional Interests 
This project will help to enhance both my educational and professional interests through 
understanding the importance of the relationship between architecture and nature.  Although 
the concept of aquaponics have been around for a few years, this project will allow me to 
explore different innovative ways to implement new creative ideas into future architectural 
designs.   
Generating aquaponics systems that can be integrated with single family residential homes 
could also influence future designs to include more self-sustained methods such as aquaponics 
through many different settings; suburban, urban, rural and possibly community settings.  This 
opportunity will enhance not only my educational and professional goals in the future, but will 
also provide a new viable self-sustained method for creating a better lifestyle for current and 
future generations.   
This project will also look into a variety of contexts that will allow me to grow as a professional 
architect through providing a better understanding for regional weather allowance, species for 
specific conditions based on location, types of plants that work best with different systems, and 
how aquaponics could be implemented with architecture to suit both aquaponics and 
architectural needs. 
Physical and Theoretical Context 
The Ewa Gentry homes are a perfect example of what is currently trending in Hawai’i.  With the 
continued growth in population, more land is being dedicated to single family housing 
developments.  For this project, Trades by Gentry will be used as a design base to show how 
tract housing can be improved with the use of self-sustained methods such as aquaponics.  
Although Gentry housing development and its location is not the focus of this project, the 
overall idea of tract housing will be used to show comparisons between tract housing with and 
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without aquaponics to provide legitimate evidence that tract housing could be improved with 
the integration of more sustainable design methods.  
 
According to the chart in Figure 5, provided by the City Data website for Ewa Beach, Hawaii, the 
average household size is four to five; therefore, the square footage of each design of the home 
will be based on four to five bedrooms.  Currently, homes that are designed and placed within a 
community are based on cookie cutter type developments that try to sell the idea of “going 
green” allowing buyers to invest in homes that already include energy efficient appliances, low-e 
glazing, solar heat panels, photovoltaic systems, and so on.  This project will give interested 
buyers the option of living in a community that cares about our environment and the future of 
our children through homes that are designed to provide a better way of living through self-
sustained methods such as aquaponics. 
While this project includes case studies and examples of the integration of self-sufficient 
architectural design, the main physical context will focus on Trades by Gentry’s residential single 
family housing development as a design base to show how tract housing can be improved with 
the use of sustainable approaches. 
  
Figure 5: City Data for Ewa Beach, Hawaii 
Source: http://www.city-data.com/city/Ewa-Beach-Hawaii.html 
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Other Pertinent Conditions & Parameters 
Some other important conditions and parameters that relate to this doctoral project include: 
1. The lack of information pertaining to the integration of aquaponics and 
architecture 
2. The number of facilities available to test the idea of integrating aquaponics and 
architecture at a residential scale. 
Although the outcome of this project includes a design example of the integration of aquaponics 
and architecture, an experimental research project or other evaluative research necessary to 
test the development of the final design will not be part of the doctoral project.  However, it is 
the intent of this project to demonstrate the idea of including self-sufficiency such as 
aquaponics for tract housing to emerge in the near future.  
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Extended Literature Review 
Before suggesting an example of the integration of aquaponics in a residential development 
setting, the following literature reviews will provide an in-depth background for the main reason 
behind the lack of self-sufficiency in places such as Hawaii that are isolated and/or over 
populated.  The literature reviews are: 
1. Understanding Sustainability 
2. The Importance of Self-sufficiency 
3. Why cookie cutter housing development? 
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Understanding Sustainability  
Sustainability is a word that has been tossed around for quite some time; however, many people 
still lack the knowledge of where it came from and why it is so important.  In the United States, 
the first establishment of a national policy for environmental sustainability came in 1969 with 
the passage of the National Environmental Policy Act (NEPA) whose purpose was to “foster and 
promote the general welfare, to create and maintain conditions under which man and nature 
can exist in productive harmony and fulfill the social, economic and other requirements of 
present and future generations”.10  Since then more people have been putting in the extra effort 
to learn and understand the issues of reducing their impacts on the environment through 
bringing awareness and promoting green practices such as recycling, saving water, etc.  The 
United States Environmental Protection Agency, also known as EPA, states that sustainability 
emerged as a result of significant concerns about the unintended social, environmental, and 
economic consequences of rapid population growth, economic growth and consumption of our 
natural resources.11  This shows that sustainability is more than materials and building methods 
but also about healthier daily lifestyles and a better environment for future generations. 
                                                          
10 Agency, United States Environmental Protection. History of Sustainability. September 24, 2013. 2013 
(accessed September 24, 2013). 
11 What is EPA doing? September 24, 2013. http://www.epa.gov/sustainability/basicinfo.htm (accessed 
September 24, 2013). 
Figure 6:  O'ahu map of Ahupua'a divisions 
Source:  http://gigapan.com/gigapans/135099 
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Similar to recent examples of sustainable techniques such as the use of photovoltaic panels, 
grey water reuse, wave energy for electricity, wind power, and so on, the original Hawaiian 
lifestyle was not so different; having the same ideas in mind.  Traditionally, Hawaiian life was 
based around the ahupua‘a system of sustainable land management. Geopolitical land divisions 
formed the basis of Hawaiian culture, which was void of any concept of private property.12 This 
ahupua’a system used to be the main basis of survival.  Figure 6 shows an example of how the 
island of O’ahu was divided using a complex system of land division known as Ahupua’a.   An 
ahupua’a is a narrow wedge-shaped land section that runs from the mountain to the sea.  The 
size of each ahupua`a dependant on the resources of the area with poorer agricultural regions 
split into larger ahupua`a to compensate for the relative lack of natural abundance.13  Figure 7 
below shows an example of how an ancient ahupua’a system worked.  Shaped by island 
geography, each ahupua`a was a wedge-shaped area of land running from the uplands to the 
sea, following the natural boundaries of the watershed. Each ahupua`a contained the resources  
                                                          
12 Lee Jr., Herb M. 1994. EWRI Currents: Ahupua'a. Accessed September 25, 2013. 
http://email.asce.org/ewri/Ahupuaa.html. 
13 Grafik, Info. n.d. Ahupua'a. Accessed October 2, 2013. 
http://www.hawaiihistory.org/index.cfm?fuseaction=ig.page&CategoryID=299. 
Figure 7: Ancient Ahupua'a System 
Source: http://www.hawaiihistory.org/index.cfm?fuseaction=ig.image&FileName=img448.jpg 
22 
 
the human community needed, from fish and salt, to fertile land for farming taro or sweet 
potato, to koa and other trees growing in upslope areas.14  People living in one ahupuaʻa were 
free to use whatever grew wild in that ahupuaʻa, but a resident of one ahupuaʻa could not take 
anything from another ahupuaʻa. Boundaries were important and people carefully learned their 
locations.15  However, since this is no longer a viable solution there needs to be better 
alternatives to creating sustainable approaches for providing more options and solutions in the 
continued growing demand of future home designs. 
With the increase in population over the past few years, the demand for meat, fish and 
vegetables are continuously growing causing an inevitable reliance on imported goods and 
transportation of food to increase supply.  This is why overpopulated and/or isolated areas such 
as Hawai’i need to find more productive self-sustainable ways to reduce our reliance on 
transportation of food particularly fish and produce.  
 
The Importance of Self-Sufficiency 
Places such as Hawaii have the opportunity to make homes more “green” or sustainable, 
however many cookie cutter type developments try to sell the idea of saving money through 
reducing energy costs with the implication that that they are reducing their carbon footprint by 
using Energy Star appliances, LED lighting, photovoltaic panels, and so on.  Although this may be 
true, this still does not provide self-sufficiency in a location that relies on daily imported food 
resources.  Despite Hawai'i's plentiful agricultural land and year-round growing conditions, we 
still import more than 85% of our food and have less than a 7-day supply of food in stores at any 
given time.16 Many Hawai‘i residents are concerned about community food security due to our 
                                                          
14 Grafik, Info. n.d. Ahupua'a. Accessed October 3, 2013. 
http://www.hawaiihistory.org/index.cfm?fuseaction=ig.page&CategoryID=299. 
15 Williams, Julie Stewart. 2007. From the Mountains to the Sea: Early Hawaiian Life. Honolulu: 
Kamehameha Schools Press. 
16 Elevitch, Craig. 2013. Hawai'i Homegrown Food Abundance. October 1. Accessed October 2, 2013. 
http://www.agroforestry.net/hhfa/. 
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food distribution system’s vulnerability to major economic disruptions and environmental 
disasters.17 Some of the problems include the following: 
 low availability and high price of locally grown food in markets and restaurants 
 stagnation of the local agricultural economy due to cheap imports 
 increasingly questionable food safety from imported foods of nearly untraceable origin 
 poor nutrition due to overconsumption of cheap processed foods 
 skyrocketing medical costs due to nutrition related non-communicable diseases18 
This is why sustainability should include being more self-reliant because it provides the people 
of Hawaii with a viable solution that is essential for the future of Hawai’i.  
                                                          
17 Elevitch, Craig. 2013. Hawai'i Homegrown Food Abundance. October 1. Accessed October 2, 2013. 
http://www.agroforestry.net/hhfa/. 
18 Elevitch, Craig. 2013. Hawai'i Homegrown Food Abundance. October 1. Accessed October 2, 2013. 
http://www.agroforestry.net/hhfa/. 
Figure 8: Hawai'i's Acreage Required for Food Self-sufficiency 
Source: http://hawaii2050.org/images/uploads/HI2050_web5.pdf 
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Considerations of sustainability often invoke thoughts about self-sufficiency, however, while 
neither the state department of Agriculture Business, Economic Development, and Tourism has 
an index of imported food consumption, it is generally agreed that over 80 percent of what we 
consume is imported.19  The table in Figure 8 provides Hawaii’s Current Agricultural Acreage and 
Additional Acreage Required for Food Self-sufficiency, proving that the acres required for self-
sufficiency in Hawaii are about 249,000 acres, however by “extrapolating from data about 
consumption habits and acreage needed per product, we calculate that near self-sufficiency 
would require an estimated 243,000 acres — and that does not include frozen, canned, or dried 
fruits and vegetables sold in restaurants and stores, which is only to meet projected resident 
needs in 2007, not those from the swelling visitor and resident populations expected by 2050”.20  
So how can we change this?  With the rise of tract housing development in non-agricultural land 
such as Ewa Beach and Kapolei where green living is being addressed through eco-friendly and 
energy saving designs; a healthier environment due to sustainable features.  Perhaps the focus 
of architectural designs should also address self-sufficiency through implementations such as 
aquaponics; provide families with healthier living lifestyles. 
 
Cookie Cutter Housing Development 
Tract housing, also known as cookie cutter housing, is a type of housing development in which 
                                                          
19 Lee, C.N., H.C. “Skip” Bittenbender. 2010. Hawai'i 2050: Building a Shared Future. February 10. 
Accessed September 19, 2013. http://hawaii2050.org/images/uploads/HI2050_web5.pdf. 
20 Lee, C.N., H.C. “Skip” Bittenbender. 2010. Hawai'i 2050: Building a Shared Future. February 10. 
Accessed September 19, 2013. http://hawaii2050.org/images/uploads/HI2050_web5.pdf. 
Figure 9: Cookie Cutter Housing Development 
Source:  http://www.newgeography.com/content/00983-cookie-cutter-
housing-wrong-mix-for-subdivisions 
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multiple similar homes are built on a tract of land which is subdivided into individual small lots.21  
Due to the limited time constraints, designs often focus on constructability of time, materials, 
and availability which does not always result in the best outcome for developing communities.  
This is one of the many reasons why there needs to be better sustainable alternatives for tract 
housing development, such as an integrated option of aquaponics in a single family home.   
 
Since most land developers and contractors embrace the cookie cutter house due to discounts 
in buying bulk materials and only needing to purchase two or three architectural renditions that 
are then used for the development of several homes22, there needs to be more sustainable 
options that look towards helping the present and sustaining the future.  If sustainable options 
such as aquaponics are included as part of the design of tract housing, it will help to educate 
current users and their children on the importance of understanding where our food comes 
from and why it is vital to our future.    
                                                          
21 Dictionary.com. WordNet® 3.0. Princeton University. 2006. Tract Housing. Accessed August 16, 2013. 
http://dictionary.reference.com/browse/tract housing. 
22 Kopec, David. 2003. Attack of the Cookie-Cutter Home. May 27. Accessed October 22, 2013. 
http://realtytimes.com/agentnews/agentadvice1/item/14286-20030528_cookiecutter. 
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Research Documentation 
Research Methodology 
The methodology use for this project will be design based.  Aquaponics ecosystems must have 
proper balance to maintain healthy fish and plants, therefore research will be done as a design 
guide to assess what is the best method to use in terms of the following: types of fish and plants 
that work best together, size of aquaponic systems that works best with the types of fish and 
plants that will be used, for health purposes how many fish and plants versus amount of water 
should be maintained, temperature and lighting conditions, and possible applications based on 
research.  Case studies will be included as well as design base examples to prove findings and 
will also be used to illustrate how aquaponics is successful in various locations.  Designs in the 
form of a conceptual model will use various media to illustrate key points.  A journal will record 
findings of research and to log thoughts and/or opinions throughout the design process.  Site 
visits will be directed to aid in understanding of aquaponics and farming in terms of the history, 
basic farming, governments role in farming, the environment, the future to farming in the 
United States, other possible controversial topics in agriculture that will set up a foundation for 
reasons traditional farming is no longer viable and why it is important to introduce and 
understand the importance of aquaponics in the architecture practice. 
 
The main purpose of this research project is to understand the importance of aquaponics and to 
explore aquaponics as a viable self-sustaining application to be considered as architecture 
practice and design.  Currently aquaponics is known as an innovative concept that mimics 
nature’s most efficient way of growing food by combining hydroponics (soil-free cultivation of 
plants in water) and aquaculture (raising of fish or other aquatic animals in tanks or ponds), 
creating what is called aquaponics a sustainable food production system that produces no 
waste. 
 
Aquaponics has been around for many years but only recently has it been noticed as a viable 
solution to help minimize the depletion of our natural resources and to provide sustenance to 
our vastly growing population.  With aquaponics in mind, the goal of this project will be to 
design a an aquaponics systems that is fully integrated with architectural design to show how 
current tract housing can be improved to provide Hawaii with a sustainable option of self-
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reliance through aquaponics; areas that do not have the space or lack the type of soil or land 
that is typically needed to grow healthy organic fish and produce.  The projects outcome would 
result in people having the opportunity to create a healthier lifestyle for current and future 
generations. 
 
The main focus of the project will be to do research and further the existing findings on 
aquaponics, while helping to aid in the development of a new paradigm of integration that could 
serve both aquaponics and architecture. 
 
Hawaii relies on 80% of imported food and it is important for AEC to be the leaders to push 
more self-sustainable movements so that people can thrive.  The main focus of the project that 
is being proposed is for aquaponics to be one of the self-sustaining methodologies.  Self-
sustaining practices such as aquaponics will help to enable people in Hawaii to be more self-
supported.   
 
Companion Planting: What Plants Grow well Together  
Companion planting is the art of putting plants that get along next to each other to create 
beneficial plant associations that help to use gardening space more efficiently, repel unwanted 
pests and support beneficial animals such as bees that pollinate.23 
The following companion planting charts illustrate both the antagonistic, or dislike, and 
beneficial relationships between commonly used plants for planting companion vegetables and 
herbs. 
                                                          
23 2013. Guide and Charts on Planting Companion Vegetables and Herbs, and Fruit Tree Companion 
Planting. Accessed May 20, 2013. http://www.small-farm-permaculture-and-sustainable-
living.com/planting_companion_vegetables_and_herbs.html. 
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Figure 10 provides a chart of companion planting that lists plants that grow well together in the 
same circle, either as mutually beneficial companions or neutral neighbors.  Those that do not 
share the same circle should not be grown together.24  For example, potato grows best with 
eggplant, spinach, tarragon and marigold since they share the same circle, however, potato will 
also grow well with neighboring peas, beans, corn, radish, squash, petunia, celery, carrot and 
turnip, who also share the same circle.  Although potato and cucumber share the same circle in 
the diagram, the arrow between them denotes an antagonistic relationship, meaning they do 
not grow well together; the same is true for cucumber and potato. 
Fish should also be considered when choosing which plants grow best together because both 
plants and fish should have similar needs such as temperature and pH, or level of acidity, in the 
water.25  Some of the most common fish that are raised in aquaponics are tilapia, blue gill, koi, 
                                                          
24 2013. Guide and Charts on Planting Companion Vegetables and Herbs, and Fruit Tree Companion 
Planting. Accessed May 20, 2013. http://www.small-farm-permaculture-and-sustainable-
living.com/planting_companion_vegetables_and_herbs.html. 
25 Agency, U.S. Environmental Protection. 2012. What is pH? December 4. Accessed September 3, 2013. 
http://www.epa.gov/acidrain/measure/ph.html. 
Figure 10:  Chart of Companion Planting for Vegetables and Herbs 
Source:  http://www.small-farm-permaculture-and-sustainable-
living.com/planting_companion_vegetables_and_herbs.html 
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goldfish, catfish, carp, perch and trout.  Plants that are known to do well in an aquaponics 
system are leafy lettuce, kale, swiss chard, arugula, basil, mint, watercress, chives and most 
common house plants.  Other plants that also do well if the fish tank is heavily stocked and 
healthy but require higher nutritional demands are tomatoes, peppers, cucumbers, beans, peas, 
squash, broccoli, cauliflower, and cabbage.26  
Plant and Fish Pairings 
The plant and fish pairings that are provided is based on research of types of fish that grow well 
together and plant companion charts.  The following are suggested pairing options for this 
doctoral project design: 
 Tilapia with lettuce 
 Catfish and blue gill with tomatoes, cucumbers, squash and/or melons 
 Koi or Goldfish with cabbages, broccoli, cauliflower, radishes and kale 
However, it has been mentioned by aquaponics expert Fred Lau, a landscape contractor who 
has dedicated one acre at his Mililani nursery called Mari’s Garden to aquaponics,27 that for a 
media grow bed of 2 x 3 or 3 x 5 and a tank size no deeper than 18 inches or more than 1,500 
gallons of water, “any mixture of plants and fish could work; it is just a matter of 
                                                          
26 Nelson and Pade, Inc. 2010. Recommended Plants and Fish for Aquaponics. Accessed August 1, 2013. 
http://aquaponics.com/page/recommended-plants-and-fish-in-aquaponics. 
27 Ernst, Cheryl. 2011. Aquaponics System Grow Food Sustainably. April 18. Accessed November 24, 2013. 
http://www.hawaii.edu/malamalama/2011/04/aquaponics/?pid=357. 
Figure 11:  Manoa lettuce in a grow bed at Mari's Garden 
Source:  http://www.hawaii.edu/malamalama/wp-
content/uploads/2011/04/f_aquaponics.jpg 
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maintenance”.28  Since this design includes an onsite facility maintenance guarantee, there 
should be no problems with pairing options.  
Environmental Impacts 
Depending on the ratio of fish grown to plants grown, every drop of water and energy can be 
reused in aquaponics highly-efficient closed-loop system, where fish and vegetables grow 
symbiotically to cultivate produce and protein sustainably and profitably in urban cites.  
Aquaponics is a sustainable food production system that combines traditional aquaculture with 
hydroponics.  It uses nutrient-rich water from fish culture to irrigate and fertilize plants, which 
absorb the nutrients and return clean plant filtered water back to the fish, resulting in efficient 
use of resources.29   The diagram on the right shows the general process of aquaponics closed 
loop system. 
Business Aspects 
 “Businesses should balance profit with natural resources”30  
         -- Jiro Ono 
Looking at aquaponics from a business perspective, it is important to use good agricultural 
practices; to verify that fruits and vegetables are produced, packed, handled, and stored in the 
safest manner possible to minimize risks of microbial food safety hazards.31  By using good 
agricultural practices it reduces the amount of time and money being spent on minor mistakes 
that could damper food safety; it reduces your business risk of liability for example selling 
produce leads to becoming a commercial provider which essentially leads to certain 
responsibilities; there is a higher probability of keeping a customer that may require an on-farm 
food safety certification; and it could improve changes that customers will feel justified if paying 
a higher price for your produce.32  To the left is an image of a commercial aquaponics system in 
Loveland, Colorado that are usually designed and used for large scale production so that high 
                                                          
28 Lau, Fred, committee meeting 3 to Gina Takahashi, October 30, 2013. 
29 Hollyer, Jim, and Clyde Tamaru. On-Farm Food Safety: Aquaponics. Honolulu: College of Tropical 
Agriculture and Human Resources (CTAHR), July 2009. 
30 2012. Jiro Dreams of Sushi. Directed by David Gelb. Performed by Jiro Ono. 
31 Agriculture, United States Department of. Fresh Fruit and Vegetable Audit Programs. August 27, 2012. 
32 Agriculture, United States Department of. Fresh Fruit and Vegetable Audit Programs. August 27, 2012. 
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quality crops can be grown for food and profit; systems that are also designed by modules so 
that it can be duplicated for expansion, allowing a grower to easily increase the size of the 
system as the business grows. 
Design Services 
Many of the design services that aquaponics offer are commercial services, home and 
community services, and school and university educational services.  Commercial services offer 
consultation (on-site and remote), system design and development, system installation and 
testing, project management, feasibility assessment and risk analysis, business and financial 
planning, and ongoing support and maintenance.  Aquaponics also offer home and community 
services which include consulting and advice, do-it-yourself guides and solutions, individual 
components to set up your own system, as well as books, DVD’s, and aquaponic system plans.  
More recently aquaponics started offering educational services for both schools and universities 
that offer consultation and advice, design, supply and installation, school seminars and 
classroom talks, and alternative sustainable garden designs.33  If part of the design services for 
architecture included integrating aquaponics early on in the schematic phase and were included 
                                                          
33 Japan Aquaponics. October 5, 2012. http://www.japan-aquaponics.com/index.html (accessed October 
7, 2012). 
Figure 12:  Global Challenge Visualization of Maa-Bara's Sustainable Technology 
Source: http://images.huffingtonpost.com/2012-07-08-MaaBaravision1.gif 
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as one of the architecture services in the AIA (American Institute of Architects) forms it could 
potentially have many sustainable features that could correlate with making a building greener 
and even meet LEED (Leadership in Energy and Environmental Design) standards and criteria.  
Figure 12 shows a good example of a visualization of sustainable aquaponics technology that 
demonstrate innovative solutions with the potential to promote adoption of beneficial 
agricultural technologies, financial systems, and market access among smallholder farmers to 
improve their livelihoods in developing world’s such as Nigeria; targeting areas with poor soil 
quality, depleted fishery stocks, and urban and natural disaster recovery zones.34 
Sustainable Features 
Aquaponics reduces the burden placed on our oceans by promoting reliant food sources like 
fish, it does not depend on local soil quality or acres of fertile soil like with traditional farming 
and may even be set up indoors with proper lighting.  Aquaponics also requires 90 percent less 
water than conventional farming methods where most of the water is absorbed and dried up 
into the land, it produces up to ten times more crops in less amount of space and time than is 
required for traditional farming methods and uses up to 75 percent less energy that almost any  
other farming method.  Most systems can produce year-round organic vegetables, fruits, and 
fish because there is no need for pesticides, fertilizers, herbicides for plants or antibiotics or 
hormones for the fish.  If aquaponics were fully or partially integrated with architectural design 
and there were ways to use aquaponics in certain areas of landscaping or even serve as green 
roofs and walls that could aid in multiple services; edible landscaping, insulated properties, 
reducing heat islanding in urban areas, and so on, it would be beneficial because combined 
technologies of architecture and aquaponics could reduce the carbon footprint of buildings that 
are responsible for 39 percent of carbon dioxide  (CO₂) emissions in the United States per year 
as seen in the chart below provided by the USGBC (U.S. Green Building Council)35, it could 
minimize energy use by incorporating renewable energy technologies, offer residence the 
                                                          
34 Oton, Atim. Huffinton Post. July 11, 2012. http://www.huffingtonpost.com/atim-oton/runo-okiomahs-
maabara_b_1460468.html (accessed October 7, 2012). 
35 8 USGBC Buildings and Climate Change. December 2, 2008. 
http://www.documents.dgs.ca.gov/dgs/pio/facts/LA%20workshop/climate.pdf (accessed 
October 7, 2012). 
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freshest food with minimal transportation, as well as provide a wide range of healthy and high 
value foods all year round. 
 
Commercial and residential buildings are tremendous users of electricity and only have an 
average lifespan of 50 to 100 years during which they continually consume energy and produce 
CO₂ emissions.36  If half of new commercial buildings were built to use 50 percent less energy, it 
would help to save non-renewable resources annually resulting in a cleaner and healthier 
environment.  If people invested in aquaponics through schematic and design development 
phases of architecture, it would help to build communities that are environmentally responsible, 
more profitable, contribute to reducing CO₂ emissions, decrease heat islanding, and create more 
comfortable and healthier places to live and work.  Aquaponics can be easily used in urban areas 
because there is no need for a backyard or soil to grow fresh organic produce.  If aquaponics 
systems were more widely integrated with residential designs or more specifically with tract 
housing development, people would no longer have to rely on buying expensive organic fruits 
and vegetables, or unnatural produce grown with herbicides, pesticides, or fertilizers, local 
production would greatly reduce food miles which is the distance food travels from where it is 
grown to where it is ultimately purchased or consumed by the end user, water recirculation will 
                                                          
36 USGBC Buildings and Climate Change. December 2, 2008. 
http://www.documents.dgs.ca.gov/dgs/pio/facts/LA%20workshop/climate.pdf (accessed 
October 7, 2012). 
Figure 13:  CO₂ Fossil Fuel Emissions Pie Chart 2012 
Source: http://www.documents.dgs.ca.gov/dgs/pio/ 
facts/LA%20workshop/climate.pdf 
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help to reduce pollution and will use as little as two percent of the water normally needed to 
grow produce.37   
If aquaponics were implemented into the American Institute of Architects (AIA) workshops and 
educational support could help make aquaponics more viable for architectural designs where 
regulations could be stated helping to popularize aquaponics to possibly be applied as part of 
Leadership in Energy and Environmental Design (LEED) where designers or developers could 
gain points towards green building design.  There are many reasons for aquaponics to be applied 
to the professional practice of architecture including issues of population, positive 
environmental outlook and impacts, multitude of design services offered that continue to grow, 
current trends of sustainable features, lowered carbon emissions, and happy, healthy satisfied 
clients. 
 
The following provides a chart of differences between conventional agriculture and aquaponics: 
Conventional Agriculture Aquaponics 
Grows crops in soil.  
Does not grow crops in soil. Grows crops in recirculated fish 
waste water, either on its own with the crop plants suspended 
at the surface in plastic net pots on floating polystyrene rafts, 
or suspended in the flowing water by an intert growing media 
fill such as expanded clay balls (Hydroton or Hydroleca brands) 
or pea gravel.  
Uses artificial fertilizer from a 
natural gas (methane) or 
methane from oil refining 
feedstock. 
Does not use artificial fertilizer. Nitrates dissolved in the 
recirculating fish water from the intensive fish farm, flowing 
through the grow beds or floating raft deep water containers 
fertilize the plants. The source of these nitrates is the ammonia 
excreted by the fish in the intensive tank-based fish farm part 
of the aquaponic recirculating aquaculture system. Aquaponics 
uses liquid organic fertilizer sourced via the solids removal and 
                                                          
37 Japan Aquaponics. October 5, 2012. http://www.japan-aquaponics.com/index.html (accessed October 
7, 2012). 
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Conventional Agriculture Aquaponics 
mineralization section from the fish excreta. Fish excrete 
ammonia through their gills and a certain amount is also 
dissolved out of their faeces as well. 
Water in conventional 
agriculture is used only once. 
90% of it then goes to waste. 
At least 90% of the water used by aquaponic systems is 
recirculated. Water evaporation is limited by keeping the fish 
tanks in the shade and covering deep water containers 
completely with floating white-painted closed-cell polystyrene 
rafts. These rafts are pierced with holes at regular intervals 
into which the plants in their polystyrene net pots are inserted. 
No surface area is permanently exposed to the heat of the sun, 
and the white paint further reflects heat back up into the 
atmosphere. This helps to keep water temperature at optimum 
levels for growth while stopping evaporation. Some loss does 
occur through evapotranspiration through the plants, 
however. In the University of the Virgin Islands aquaponic 
system water exchange is 1.5% of the total system water 
volume (the amount of water that has to be topped up to 
replace water used to flush out fish solids and to replace water 
loss through evapotranspiration). 
Conventional agricullture only 
can harvest a few crops a year. 
Plants grow slowly in soil. In 
temperate climates, there is a 
long winter harvesting rest. 
Aquaponics uses an adapted form of hydroponics to grow 
crops. Crops grow at up to twice the speed suspended in fertile 
fish waste water. They also grow at up to half the required 
spacing, so with crops such as basil and lettuce it is possible to 
get twice as many plants, twice as fast with the right varieties. 
Crops grown in the floating raft deep water container system 
can be grown conveyor-belt fashion, with seedlings being 
planted at one end of the hydroponic floating raft raceway as 
crops are being harvested weekly year-round from floating 
rafts at the other end. In temperate and desert climates a 
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Conventional Agriculture Aquaponics 
controlled climate greenhouse is necessary to get these results 
year-round, however. 
Conventional agriculture uses 
large quantities of artificial 
chemical pesticides. 
You cannot use chemical pesticides, even the 'organic' labelled 
ones will kill all your fish dead fast. Since the fish it is who are 
running your aquaponic system, don't use chemical pesticides. 
Only biologically safe pest control methods can be used. These 
include friendly insects such as ladybugs and parasitic wasps, 
bacillus thuringensis, which kills caterpillars but does not affect 
fish or people, and vegetable oils which suffocate the pests. 
Conventional agriculture uses 
large quantities of herbicides. 
There are no weeds in aquaponics. There is nowhere for weeds 
to grow. 
Conventional agriculture has 
to spend time and money and 
equipment on ploughing, 
hoeing and digging. 
No digging is necessary. Everything grows in water. 
A lot of money and time is 
spent on irrigation and 
watering. 
Water is the growing medium and is pumped around the 
system constantly by a pump. No work is necessary. 
Conventional agriculture uses 
a lot of space and land. 
You only need 10% of the land space used by conventional 
agriculture to grow the same amount as would be grown n 
90% more space in a year in soil. In many cases you can grow 
vastly more than that on your tiny plot. This is very intensive 
agriculture. 
Conventional agriculture is 
labor-intensive. 
This is automated growing. A team of two or three trained 
technicians are the only permanent staff you need, the rest are 
weekly harvesters that come in for the weekly harvest to do 
easy piece work. 
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Conventional Agriculture Aquaponics 
Conventional vegetable 
farmers just grow vegetables. 
You have two different products being produced 
simultaneously here in the same space, fish and vegetables 
and/or soft fruit such as strawberries and melons. 
Conventional agriculture 
requires a lot of fuel and 
electricity to run barns, 
tractors, etc. 
All automated on the spot. No running around. 17% of the 
energy usage of a conventional farm overall.  
Conventional farmers are 
dependent on the weather, 
which can wipe out profits 
suddenly. 
In a controlled climate greenhouse, if needed due to the 
outdoors climate, you can control day length with low energy 
LED grow lamps, and control humidity, air temperature, etc. 
No destructive weather and pest control is easier. So the ROI 
on a controlled climate greenhouse is fast since you are 
growing when no-one else in your area can, very probably. 
Supplying the winter market for vegetables without the high 
prices of imports. Remember, low staff ratios too. 
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Design Documentation 
Planning/Programming Criteria Guide 
The purpose of the planning and programming criteria document is to determine the space 
requirements for a new design.  The determination of space requirements is a two-phase 
process: 
1. The development of a functional area space program, based on a given set of 
criteria, and driven by inputs of the type of population served. 
2. The review and editing of the document produced from step one, to ensure 
users requirements are being met, and to examine aquaponics systems for 
potential efficiencies base on the user’s proposed concept of operations (e.g. 
having enough fresh produce available on-site for users of the building, creating 
comfortable environments for users, etc.). 
The planning and programming criteria document is intended to address the requirements of 
phase one – the development of functional area spaces – with an efficient and user-friendly 
process.  Having a draft of the programs spaces will allow for the criteria document to provide 
functional relationship diagrams to aid in preliminary design concepts. 
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Project Location 
The location that will be used for this project is situated in Ewa Beach, Hawaii.  This projects 
location is in response to the State of Hawaii’s current reliance on daily imported food along 
with the locations popular demand of tract housing development in Ewa and their recent 
growth in tract homes; nearby cities such as Kapolei are also experiencing this similar type of 
housing development.  Figure 14 below shows an example of some of the tract housing 
development that is already existing in the Ewa regions of O’ahu.   
Although tract housing may not be the best solution and lacks architectural design, it allows 
communities to be built with ease and keeps housing affordable due to the following reasons: 
 Labor – Since the houses are designed the same the labor costs are lower because 
there’s only a few designs, so houses are built faster due to similar/same structure and 
design layouts. 
 Purchasing and transporting – The cost of purchasing and transporting is reduced 
because all of the tract housing is built at the same time. 
 Contractors – Due to the purchasing and transporting costs being lowered, contractors 
are able to reduce prices and receive more work in return.38 
                                                          
38 Staff, DoItYourself. 2011. Tract Housing. January 2. Accessed October 7, 2013. 
http://www.doityourself.com/stry/tract-housing#b. 
Figure 14: Ewa Beach Track Housing Development 
Source: https://maps.google.com/ 
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These are just some of the reasons why tract housing caught on so fast back in the 40’s and 50’s, 
however, there are also a few disadvantages to tract housing development such as scenery; 
when neighborhoods are designed through tract housing they become monotonous and 
sometimes boring to look at because of the repetitive design from one community to the next.  
Another downside is the quality of tract housing, since the housing are typically built a lot faster 
the materials and standard quality of homes are often lowered as well. 
Due to these facts, the focus of this project will aim to integrate aquaponics with current tract 
housing designs to show aquaponics as a viable sustainable method toward improving the ever 
growing trend of tract housing in Ewa. 
 
Existing Site Information 
Figure 15 provides the location of the existing site that will be used as a design base for the use 
of integrated aquaponics in a single-family home design.  The site is conveniently located right 
Figure 15: Trades by Gentry Location for Design Base 
Source:  http://www.gentryhawaii.com/uploads/images/map2011.pdf 
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off of Fort Weaver Road, which offers access to H-1 freeway heading north and accompanied by 
many nearby shopping centers, parks, schools K-12 and golf courses.  The location of the site is 
shown shaded in red and the dashed blue line provides directions to Trades by Gentry in Ewa 
from Fort Weaver Road. 
The easement for the site of each single family home varies, however, the typical easement for 
each house is provided by Ewa by Gentry’s current Design Committee Rules and Regulations 
which applies to zero lots such as Trades by Gentry.  As seen in Figure 16 above, each easement 
area allows homeowners approximately ten feet of land to one side of their homes for light, air 
and landscaping.39  (See Appendix A, Illustration 19)  Since Trades by Gentry offers zero lot 
                                                          
39 Regulations, Design Committee Rules and. 2013. Ewa By Gentry Community Association Resource 
Center. Accessed August 17, 2013. 
http://www.ewabygentry.net/ResourceCenter/DocViewer/18467?doc_filename=design%20com
mittee%20rules%20and%20regulations.pdf&doc_id=420856&print=1. (Appendix A, Illustration 
19) 
Figure 16:  Maintenance Easements and Side Yard Easements 
Source:  http://www.ewabygentry.net/ResourceCenter/DocViewer/18467?doc_filename=        
design%20committee%20rules%20and%20regulations.pdf&doc_id=420856&print=1  
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designs, aquaponics will be utilized in and around easement areas of each property to create 
more privacy between homes, while also providing sustenance for each home through 
aquaponics integration. 
If there are any easement alterations, the design committee rules and guidelines state that the 
owner must do one of the following: 
1. For restrictions specific to your subdivision, the owner must refer to his and/or her 
deed.  For answers to any questions or clarification, all the Ewa by Gentry Office. 
2. Any mechanical improvements (a/c compressor, pool equipment) will automatically be 
denied. 
3. Inert improvements (gravel, slabs, walkways, etc.) require termite treatment.  Any 
improvements intended to be built on or within an easement must be accompanied by a 
Neighbor’s Awareness Form from the homeowner affected by the improvement.  This 
includes party fences within easement as well.  These rules apply to all easement 
alterations.40 
Due to the committee’s rules and guidelines, the integration of aquaponics for each home will 
not be designed with the need for any easement alterations; therefore, any rules and guidelines 
referring to this specific tract housing development will not have to adjust to maintenance 
and/or side yard easement changes. 
Development Rules and Regulations 
The current rules and regulations related to having aquaponics systems on the property lot is in 
the Design Committee Rules and Guidelines, Section 16: Water Features, Water Falls and 
Fishpond Structures state that approval is required by the Design Committee for any fishponds, 
water features, and structures on or in any part of each lots usable area which is shown in Figure 
14.  For approval, the water feature, waterfall, or fishpond structure must comply with the 
following, as stated in the Design Committee Rules and Regulations: 
                                                          
40 Regulations, Design Committee Rules and. 2013. Ewa By Gentry Community Association Resource 
Center. Accessed August 17, 2013. 
http://www.ewabygentry.net/ResourceCenter/DocViewer/18467?doc_filename=design%20com
mittee%20rules%20and%20regulations.pdf&doc_id=420856&print=1. 
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A.  Maximum Dimensions: 
a. Depth:  Sixteen (16) inch maximum water depth. 
b. Height:  Counting the distance from the top of the structure, with all 
cascading waterfalls, urns, statues, and static displays, the heights are as 
follows: 
i. Front Yard:  Total maximum allowable height shall be limited to 
thirty (30) inches. 
ii. Back Yard:  Total maximum allowable height shall be limited to six 
(6) feet in height. 
c. Width:  A surrounding edging or concrete coping shall be limited to a 
maximum width of thirty-six (36) inches. 
B. Location:  Water feature structures are required to be located outside of the five (5) 
foot setback area from each side and back property lines, and ten (10) feet from the 
front of property lines. 
C. Accessories:  All feeding boxes, water supply lines, cleanouts, and filters shall be 
concealed from view. 
D. Lighting:  All ground lighting shall follow the lighting rules (refer to rule #37) 
E. Shading:  Shade cloths over the fishpond shall not be approved for the front yard. 
F. Water Disbursement: Rain overflow water shall be contained within the boundaries 
of the property. 
a. Exception:  A stand-alone fountain with a maximum height of six (6) feet, 
located in the backyard, and not visible from the street or neighboring 
properties, may be installed without a Design Permit. 
b. A water feature, incorporated into a Concrete Rock Masonry (CRM) moss 
rock wall or natural free-standing waterfall that exceeds a height of thirty 
(30) inches is not permitted within the setback areas.41 (See Appendix A, 
Section X) 
                                                          
41 Regulations, Design Committee Rules and. 2013. Ewa By Gentry Community Association Resource 
Center. Accessed August 17, 2013. 
http://www.ewabygentry.net/ResourceCenter/DocViewer/18467?doc_filename=design%20com
mittee%20rules%20and%20regulations.pdf&doc_id=420856&print=1. (Appendix A, Section X) 
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Due to the current rules and guidelines, the design of integrating an aquaponics system with 
each home will follow these parameters to the fullest with allowing room for growth, such as 
increasing grow beds or fishpond in the future. 
Ewa Building Codes, Zoning and Ordinances  
The Ewa building codes are listed under Other Codes, Laws, Rules and Ordinances in the Ewa by 
Gentry Community Association, Design Committee Rules and Regulations Manual.  The 
specification states that it is the owners’ obligation to comply with all existing laws, ordinances, 
rules and regulations, and as may be amended, or heareafter made by any governmental 
authorities or with such terms and conditions required under the Master Declaration of Ewa by 
Gentry, or any deed, easements, lease, or mortgage.42 (See Appendix A, Section VII) 
In any cases of conflict, more stringent requirements must be followed through the State 
Building Codes, International Building Codes (IBC) and Land Use Ordinance (LUO). 
  
                                                          
42 Regulations, Design Committee Rules and. 2013. Ewa By Gentry Community Association Resource 
Center. Accessed August 17, 2013. 
http://www.ewabygentry.net/ResourceCenter/DocViewer/18467?doc_filename=design%20com
mittee%20rules%20and%20regulations.pdf&doc_id=420856&print=1. (Appendix A, Section VII) 
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Proposed Building Design 
Figure 17 shows four Trades by Gentry model homes options that include, Aheahe, Makini, Kai ā 
ulu, and ʻOluʻolu.  Each design offers various bedroom, bath and total living areas along with 
backyard covered lanai options. 
 
 
For this project, the Aheahe plan one option will be used as a design base to show how 
sustainable methods such as aquaponics could be used to improve the future of current tract 
housing developments in Hawai’i.  Figure 13 shows a detailed image of Aheahe, including first 
and second floor plans with the covered lanai options.  This floor plan will be used as a design 
base to show how aquaponics could be easily integrated to work with current tract home 
designs, offering current and future home owners the option of including an aquaponics system 
with their home.   
Although the project location is in Ewa Beach, Hawai’i, the main focus of this project is 
integrating aquaponics as a sustainable option with current tract home designs, allowing users 
to maintain a healthy source of produce and fish for themselves and their families.  With this, 
future architects, owners and developers could use aquaponics as a design base for future tract 
housing development in similar locations such as Hawai’i. 
 
Figure 17: Trades by Gentry Model Homes 
Source: http://www.gentryhawaii.com/uploads/TradesBrochure.pdf 
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Trades by Gentry Aheahe design offers three bedrooms and two and a half bath with a total 
living area of 1,151 square feet.  Although the Makani layout is said to be the most popular of 
the four plans with one of the largest total living areas available, aside from the ʻOluʻolu, the 
Aheahe plan one option, smallest of the four plans, was chosen due to the following: 
• The United States Census Bureau indicates that the average American house size is 
2,169 square feet.43  However, the average size of a typical home has been continually 
decreasing since 2007, right before the housing crash.  Prior to this, houses used to 
average 2,277 square feet. 
• Trades by Gentry homes are significantly smaller than the average American house, 
however, using a smaller tract home as a design base could show how aquaponics can 
be implemented for smaller single family homes so it targets a wider range of home 
types, not only in Hawai’i, but also in other locations where the average size of a home 
is much larger. 
                                                          
43 Admin, WordPress. 2012. Average Square Feet for a House in America. January 30. Accessed October 3, 
2013. http://www.smalltinyhouse.com/average-square-feet-for-a-house-in-america/. 
Figure 18: Aheahe - Plan 1 existing floor plans 
Source: http://www.gentryhawaii.com/index.php?page=aheahe 
47 
 
Schematic Building Design 
The former schematic sketch design of aquaponics integrated with architecture is shown in 
Figures 19 and 20 as an example process of how aquaponics can be used as a method to provide 
sustainable options for tract housing development in Hawai’i. 
Linear Step Aquaponics System: 
Figure 19: First Floor Plan 
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As seen in Figures 19 and 20, the interior layout of the original Trades by Gentry, Aheahe plan 
has not changed, showing that an integrated aquaponics system is possible without affecting 
the total living area of the home and without inflicting on or altering any of the easements 
provided for each home. 
Figure 20: Second Floor Plan 
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The main concept for the design of this Linear Step Aquaponics System was to create a wall of 
water that integrated mini waterfalls between each home to help create more privacy for 
families since the layout of each home is on zero lot properties.  Therefore, grow bed two, as 
shown in Figure 19, uses the entry area of the home as a partial green roof/lanai for planting 
fruits, veggies and/or other medicinal plants.  Grow bed two focuses on creating a planting area 
for plants that require heavy nutritional value, such as lettuce, kale, peppers, tomatoes and 
squash, since the return pump from the fish pond will originate here first.  Grow bed one, 
however, creates a place for plants that require much less nutritional value, like soy beans, swiss 
chard, onions and leeks, since the return water for grow bed one will be receiving pre-filtered 
water from grow bed two.  From there, the clean water is then returned back to the fish pond, 
as shown in Figures 19 and 20 above.   
As a note, the backyard is completely enclosed by a required six foot high fence, which is 
included as part of the original design and required by International Building Code (IBC), Chapter 
31, Section 310644 (See Appendix B) for safety purposes of any water source that could result in 
drowning, especially for children. 
The following lists some of the benefits that the Linear Step Aquaponics System provides: 
 Generates natural aeration of water from two mini waterfalls 
 Path of waterfall helps to distribute nutrients to all plants and keep water consistently 
moving with gravity 
 Waterfall creates noise barrier between homes and helps to create more privacy on 
smaller zero lot properties. 
The Linear Step Aquaponics System also has some drawbacks including: 
 Plants only accessible with ladder, difficult for facility support maintenance to access. 
 Fishpond is too exposed and water will have to be maintained daily due to algae growth. 
 Grow bed layout does not allow for vine planting; growing tomatoes and strawberries 
will be difficult without extra support if the homeowner prefers this type of produce. 
                                                          
44 Council, International Code. 2011. 2012 International Building Code. Country Club Hills: International 
Code Council, Inc. (Appendix B, Section 3106) 
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Figure 21 above shows a south elevation of the Linear Step Aquaponics System.  This elevation 
shows the entrance to the garage from the driveway and the main entry to the home from the 
front yard on the right.  The required six foot high fence perimeter is partially visible from the 
street, as well as the aquaponics grow bed 2 above the main entry.  The south elevation also 
provides an opening for the attic ventilation which will help to keep the house cooler, compared 
to the original roof design that has the same roof type without the functional ventilation for the 
attic.  Figure 22 shows the north elevation of the home design which provides views from the 
backyard.  This elevation clearly depicts the waterfall design concept on the left side of the 
house that illustrates the depth and height between the two aquaponics grow beds and fish 
Figure 21: South Elevation 
Figure 22: North Elevation 
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pond.  Waterfall 2 on the upper (highest) level provides a six foot drop where waterfall 1 
provides a shorter three foot drop from grow bed 1 to the fishpond below.  The clearest 
illustration of the overall Linear Step Aquaponics System design is provided in Figure 22 and 23.  
The overall home design from the front yard to the backyard is shown in east elevation (Figure 
23) which fronts a neighbors home similar to what is shown in Figure 24.  The west elevation 
provides the least amount of information and contains required windows for the two bathrooms 
on the second floor and the water closet on the first floor in order to provide more privacy for 
the yard on the opposing side of the wall. 
 
 
 
 
Figure 23:  East Elevation 
Figure 24: West Elevation 
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The perspective view shown in Figure 25 illustrates a detailed understanding of how the Linear 
Step Aquaponics System works together with the existing Trades by Gentry Aheahe design 
layout that provides minimal changes to the roof above the entry.  The original roof above the 
main entry contains a hip roof ratio of one to four, however in the Linear Step Aquaponics 
System integration, the hip roof was altered to provide a flat “green” roof (grow bed space) with 
partial lanai for maintenance and views.  This allowed the option of having two different grow 
beds (high and low plant nutrient needs) of optional sizes. 
 
 
 
 
 
 
 
 
 
Figure 25: Northeast Perspective View 
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Vertical Trellis Aquaponics System: 
The Vertical Trellis Aquaponics System design as seen in Figures 26 and 27, has not changed the 
interior layout of the original Trades by Gentry, Aheahe plan, showing another design option 
besides the Linear Step Aquaponics design that allows an integrated aquaponics system to work 
without affecting the total living area of the home and without inflicting on or altering any of the 
easements provided for each home. 
Figure26: First Floor Plan 
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The main concept for the design of the Vertical Trellis Aquaponics System was to create a trellis 
system that uses the same structure beam from the roof on the second level, while also creating 
more privacy for families on the upper lanai and living area on the lower level, since the layout 
of each home is on zero lot properties.  This design focuses on using part of the lanai on the 
second floor for planting fruits, veggies and/or other medicinal plants.  Currently this design 
option accommodates for two 3 x 5 grow beds that are located below the trellis to provide extra 
shading for plants; particularly younger plants and plants that require lots of shading.  The trellis 
also provides additional support for plants such as tomatoes, green beans and eggplant.   
Figure 27 illustrates the 1,240 gallon fish pond on the first level next to the patio that receives 
the clean filtered water from the two grow beds provided on the second level lanai above.  The 
trellis helps to connect the two entities and bring together gathering spaces that provide more 
privacy through the plants and trellis on the second level and the waterfall sounds on the 
ground level next to the patio outside the living area.   
As noted on the previous linear step design, the backyard is completely enclosed by a required 
six foot high fence, which is included as part of the original design and required by International 
Building Code (IBC), Chapter 31, Section 310645 (See Appendix B) for safety purposes of any 
water source that could result in accidents such as drowning. 
The following lists some of the benefits that the Trellis Aquaponics System provides: 
 Generates natural aeration of water from waterfall on the ground level. 
 Trellis design uses same structural beams as the roof so special materials/colors will 
make ordering materials easier. 
 Waterfall creates noise barrier between homes and helps to create more privacy on 
smaller zero lot properties. 
 Integration of trellis system allows plants that need additional support, such as 
tomatoes and/or be grown since the same system will be used from second to ground 
level. 
                                                          
45 Council, International Code. 2011. 2012 International Building Code. Country Club Hills: International 
Code Council, Inc. (Appendix B, Section 3106) 
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The Trellis Aquaponics System also has some drawbacks including: 
 Plants only accessible on second floor lanai through master bedroom. 
 Although this design provides a shading trellis system the fishpond is still too exposed 
and water will have to be maintained daily due to algae growth. 
Figure 27:  Second Floor Plan 
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Figure 28 above shows a south elevation of the Trellis Aquaponics System design.  This elevation 
shows the entrance to the garage from the driveway and the main entry to the home from the 
front yard on the right.  For this trellis design, the required six foot high fence perimeter is 
partially visible from the street, however the aquaponics system is only visible from the north 
elevation and east elevation as shown in Figure 29 and 30. Figure 29 shows the north elevation 
of the homes design, which clearly shows the trellis design concepts depth and height between 
the grow beds on the second floor lanai and the ground floor fish pond.  
Figure 28: South Elevation 
Figure 29:  North Elevation 
57 
 
The image of the overall Trellis Aquaponics System design is best shown in Figure 29 and 30.  
The overall home design from the front yard to the backyard is shown in Figure 30, east 
elevation which fronts a neighbor’s home similar to what is shown in Figure 31.  The west 
elevation provides the least amount of information and contains required windows for the two 
bathrooms on the second floor and the water closet on the first floor in order to provide more 
privacy for the yard on the opposing side of the wall. 
 
 
 
 
 
Figure 31: West Elevation 
Figure 30:  East Elevation 
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Similar to the Linear Step Aquaponics Design the perspective view shown in Figure 25 illustrates 
a detailed understanding of how the Trellis Aquaponics System works together with the existing 
Trades by Gentry Aheahe design layout that provides minimal changes to the roof above the 
entry.  The original layout contains an open lanai, however in the Trellis Aquaponics System 
Design, the integration used part of the lanai for the grow beds and used the same beam 
structure of the roof above the walk-in closet which contains a hip roof ratio of one to four.  This 
structure is extended on the left side (east elevation) to the ground level to provide support and 
shading for the plants and fishpond. 
This design also helps to aerate water naturally through the waterfall, however unlike the Linear 
Step Aquaponics System with a short falling distance, the height of the waterfall distance from 
grow bed to fishpond is close to seven feet, which creates the need for controlling the splash of 
water so that the evaporation rate of water is reduced. 
 
  
Figure 32: Northeast Perspective View 
59 
 
Final Building Design 
Linear Step Aquaponics System: 
The following are drawings of the final building design for the Linear Step Aquaponics System.  
Figure 33 below shows the site plan drawings for the Linear Step design, which has changed 
from the schematic model in terms of function.  Grow bed 2 can now be accessed from an 
Figure 33: Site Plan for Linear Step Aquaponics 
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intermediate lanai that can be reached from the added stair through the private gate entrance 
located to the right side of the home, as seen in Figure 33 and 34.  As mentioned previously, 
grow bed 1 is designed for plants that require high nutrient levels because it is receiving the 
unfiltered fish pond water, whereas grow bed two allows for plants that only require a low 
Figure 34:  First Floor Plan for Linear Step Aquaponics 
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nutrient level since it is receiving pre-filtered water from grow bed one.  This linear step design 
allows for the homeowner to have a variety of different plants that require various nutrient 
levels.  The stepped waterfall also helps to aerate the water through a natural flowing system 
while helping to control the splash between levels of grow bed and fish pond reducing the 
overall evaporation rate of the water required.   
Figure 35:  Second Floor Plan for Linear Step Aquaponics 
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The first floor plan in Figure 35 clearly shows the location of grow bed two and the fish pond 
which helps to provide as a noise barrier from nearby streets and neighbors due to the zero lot 
sites between homes.  The grow beds extend one level further on the second floor above the 
main entry as seen in Figure 35 on the previous page. Grow bed one offers homeowners and 
their families the option of also growing medicinal plants that are difficult to grow in the ground 
because of the soils lack of nutrients.  Dr. Bradley K. Fox, Assistant Extension Specialist for 
Aquaponics/Aquaculture at the College of Tropical Agriculture and Human Resources under the 
Department of Molecular Biosciences and Bioengineering,46 at the meeting on November 21, 
2013, mentioned that “aquaponics offers users the opportunity to grow their own ‘medicinal 
rack’ such as ‘Olena which is difficult to find in Hawai’I today”47  
The interior floor plan of the original Aheahe layout has changed the function of the home, 
which can be seen in Figure 35 on the second floor plan.  A hallway is provided between the 
stairs and bedroom two in order to provide an area to walk out above the main entry on the 
ground level, so that the user has direct access to grow bed one on the second level of the 
home.  For this new design layout, the master bedroom and bedroom two had to accommodate 
about 60 square feet per room to make room for the hallway area. 
                                                          
46 Smith, Jody. 2013. Sustainable and Organic Agriculture Program. June 20. Accessed November 25, 
2013. http://www.ctahr.hawaii.edu/sustainag/leaders/fox.html. 
47 Fox, Bradley K., committee meeting 4 to Gina Takahashi, November 21, 2013. 
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Figure 36:  South Elevation for Linear Step Aquaponics 
Figure 37: Rendered South Elevation for Linear Step Aquaponics 
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Figure 36 on the previous page provides a south elevation for the Linear Step Aquaponics 
design, which offers attic ventilation on the highest part of the roof that has a one to four ratio 
slope with one inch asphalt shingles, underlayment, eave protection, and a metal drip edge.  The 
home also has a stucco finish with double pane low-e argon glazed windows that help to keep 
the house cooler throughout the day.  Grow bed two is partially visible and provides 
approximately 40 square feet of growing area for plants and produce.  The gate entry has a latch 
that is required by building code, chapter 31, section 3106 in response to the 18 inch high 
fishpond in the backyard.  (See Appendix B, Section 3106)  Figure 37 also offers a rendered south 
elevation for the Linear Step Aquaponics design so that the drawing and render could be used as 
a reference to one another to help in understanding the overall layout and look of the Linear 
Step Aquaponics System design option. 
On the next few pages, Figure 38 and 40 provides additional information regarding the 
aquaponics system size and location.  As seen in the north elevation of Figure 38, the 
aquaponics linear step design is located to the left of the home allowing users to use the yard 
directly alongside the east elevation without having to alter current easement rules and 
regulations.  Figure 39 helps to show a rendering of what the home would look like in response 
to materials and details noted in Figure 38 and 40. 
As stated previously in the schematic design, waterfall 2 on the upper level provides a six foot 
drop where waterfall 1 provides a shorter three foot drop from grow bed 1 to the fishpond 
below.  The clearest illustration of the overall Linear Step Aquaponics System design is provided 
in Figure 38 and 40 on the following two pages.  The overall home design from the front yard to 
the backyard is shown clearly in Figure 40, east elevation which fronts a neighbor’s home similar 
to what is shown in Figure 42.   
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Figure 38:  North Elevation for Linear Step Aquaponics 
Figure 39:  Rendered North Elevation for Linear Step  Aquaponics 
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Figure 40:  East Elevation for Linear Step Aquaponics 
Figure 41: Rendered East Elevation for Linear Step Aquaponics 
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Figure 42 above shows the west elevation as providing the least amount of information and 
contains required windows for the two bathrooms on the second floor, the water closet on the 
first floor and the kitchen in order to provide more privacy for the yard on the opposing side of 
the wall.  This elevation does not provide any views of the aquaponics system because it directly 
fronts the neighbor’s yard with as little as only ten feet between homes along the east and west 
elevations.  The aquaponics system between homes will help to alleviate having to create more 
privacy between homes, while also providing families with an aesthetically pleasing sustainable 
option. 
Figure 42:  West Elevation for Linear Step Aquaponics 
Figure 43:  Rendered West Elevation for Linear Step Aquaponics 
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Figure 44 below illustrates a final northeast perspective rendering of the overall home and 
Linear Step Aquaponics System.  From this view the tree in the front yard is visible, as well as the 
front gate and stair access to the intermediate platform for grow bed 2.  This image helps to 
show that although the backyards for these zero lot homes are small, this Linear Step 
Aquaponics option still provides families with ample space to play or to sit and relax on the 
upper lanai or ground level patio.  This rendering was done for the Ewa Beach, HI location during 
noon, so that it clearly depicts the hour that the home and aquaponics system would receive the 
most direct natural sunlight. 
Figure 45 on the following page shows a closer view of the Linear Step Aquaponics System 
alongside the main entry and living area.  It provides a close up of the fishpond and the height 
difference between 
Figure 44: Northeast Perspective Render for Linear Step Aquaponics 
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 grow bed one and grow bed two.  The linear path of the grow beds and fishpond help to 
distribute the nutrients to all plants evenly while also helping to aerate the water naturally 
through the waterfall design.  The two platforms combined with the grow bed helps to show the 
ease of access to gather fruits and vegetables while also providing a comfortable suitable area 
for aquaponics to be taught and maintained through the support facility maintenance 
guarantee, which is provided to each household that includes an aquaponics system design 
option with their home.  Overall, the Linear Step Aquaponics System creates a design option for 
homeowners interested in planting a variety of plants that require low and high nutrient values.  
Figure 45: Detailed Render of Linear Step Aquaponics System 
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Aquaponics Trellis Design: 
The image in Figure 46 shows the site plan drawings for the Trellis Aquaponics Design.  Again, as 
mentioned previously since the building ordinance requires each home to have a six foot fence 
surrounding the backyard, this design allows the aquaponics system to be accessed only within 
the private backyard which is not accessible to the public.  Each plant and pond will be located 
Figure 46:  Site Plan of Aquaponics Trellis System 
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according to plot location and the occupant has the option of accessing the pond through either 
the living area that leads out towards the patio and backyard or through the gated fence near 
the main entry. 
 
Figure 47: First Floor Plan of Aquaponics Trellis System 
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Figure 48: Second Floor Plan of Aquaponics Trellis System 
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The first floor plan is shown in Figure 47, which illustrates the base for the trellis support in the 
backyard along with the fish pond.  The overall square footage has not been affected from its 
original layout, compared to the Linear Step Aquaponics System that had to accommodate a 
hallway on the second floor for access to the grow bed above the main entry.  Since the 
waterfall is dropping from a greater height, it could help to provide a noise barrier on the first 
floor in the living area from nearby streets and neighbors.  The second floor plan presented in 
Figure 48 shows the two grow beds on the lanai, as well as the trellis structure that connects 
from the roof eave to the trellis column support on the ground level.  The trellis design offers 
shading and ample lighting for the fish, however it was mentioned by Dr. Bradley K. Fox in a 
meeting on November 21, 2013 that “the fish pond needs to have at least three quarters of 
shading overall or the pond will grow too much algae to maintain”48  Therefore, an additional 
trellis was added for the final design to help accommodate more shading for the fish pond.   
Figure 49 on the following page illustrates the South Elevation for the trellis design that shows 
similar materials to the Linear Step Design, such as the double pane low-e argon glazing 
windows, stucco finish exterior walls, attic ventilation, one foot asphalt shingle roofing with 
underlayment, eave protection and metal drip edge and a gated entry with latch as required by 
the building code, IBC, Chapter 31, section 3106.  Figure 50 shows a rendered representation of 
the south elevation for the trellis design. 
 
                                                          
48 Fox, Bradley K. in committee meeting 4 to Gina Takahashi on November 21, 2013 
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Figure 49: South Elevation for Trellis Aquaponics System 
Figure 50: Rendered South Elevation of Trellis Aquaponics System 
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Figure 51:  North Elevation of Trellis Aquaponics System 
Figure 52:  Rendered North Elevation of Trellis Aquaponics System 
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Figures 51 and 53 represent the north and east elevations of the trellis aquaponics design.  
These two images clearly depict the trellis design height, size and functionality.  Figure 51 on the 
previous pages shows the 4x12 trellis spanning from the second level roofing structure to the 
trellis support columns on the ground floor next to the fishpond.  The extra trellis that was 
added for the final design to accommodate for extra shading is a 2x10 trellis system that 
extends out from the second floor.  Figure 52 and 54 illustrates a rendered elevation that visibly 
represents how the trellis system works with the original layout of the home. 
 
Figure 53:  East Elevation of Trellis Aquaponics System 
Figure 54: Rendered East Elevation of Trellis Aquaponics System 
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Again, Figure 55 and 56 above shows the west elevation and rendered west elevation of the 
trellis aquaponics system.  This side of the home is similar to the linear step design due to the 
zero lot layout, the west elevation wall fronts the neighbor’s yard, therefore resulting in very 
few required windows in the two bathroom on the second floor and windows on the first floor 
for the water closet and kitchen area.  This, accompanied with the Trellis Aquaponics System will 
help provide more privacy for homeowners and their families. 
Figure 55:  West Elevation of Trellis Aquaponics System 
Figure 56:  Rendered West Elevation of Trellis Aquaponics System 
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Figure 57:  Rendered view of Aquaponics grow beds from Lanai 
Figure 58:  Rendered view from Gate Entry 
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Figure 57 shows a rendered view of the aquaponics grow bed from the lanai, with 
support trellis above for vine plants such as green beans, eggplant and tomoatoes.  
Figure 58 illustrates a rendered view from the gate entrance.  This view helps to show 
how the trellis on the lower level is connected to the original trellis layout from the 
second floor.  It also reveals the size of the yard between lots and how it could help to 
provide privacy from both the patio and lanai areas.  Figure 59 shows the overall 
rendering of the northeast perspective view from the backyard.  The Trellis Aquaponics 
System creates a design option for homeowners interested in planting a variety of plants that 
need the extra support or shading from the trellis system. 
 
Figure 59:  Rendered Northeast Perspective View 
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Case Study 
The Avenue: Sasaki Associates, Inc. 
The Avenue, formerly referred to as Square 54 and 2200 Pennsylvania Avenue, is a dynamic 
mixed-use development bordered by Washington Circle, 23rd Street and Pennsylvania Avenue 
and located just six blocks northwest of the White House.49  Currently there are no project that 
integrate architecture and aquaponics into one cohesive design from start to finish and through 
extensive research this has been one of the most prominent projects researched that could hold 
key answers to integrating architecture and aquaponics successfully.  The Avenue is located in 
downtown Washington, DC and was recently completed in August 2011 with LEED CS 2.2 Gold 
by Sasaki Associates, Inc. and team Pelli Clarke Pelli Architects.  The projects overall design 
brought together disciplines of Architects, Landscape Architects, and Planning and Urban 
Designers.  In 2012 The Avenue was honored with the 2012 ULI (Urban Land Institute) Global 
Award of Excellence, as well as the National Best of the Best Projects: Best Retail/Mixed Use 
Developments, Engineering News Records.  The mixed-use complex in Washington D.C. includes 
office, residential, and retail elements and abundant green public spaces, streetscapes, terraces, 
and courtyards with innovative stormwater management strategies.50  Figure x shows the 
conceptual 3D model of the development and design of The Avenue.  This central area of the 
design integrates parking, pedestrian pathways, and shaded seating areas while offering 
beautiful views of tree promenades, water features and green spaces that allow users to relax 
within the busy city of Washington D.C.’s busy downtown areas.  The central courtyard above 
the parking structure is anchored by a water feature that expresses the intersection of the 
historic Washington city grid and the axis of Pennsylvania Avenue, as shown on the site plan in 
figure x below, while also functioning as part of a larger stormwater management system that 
collects all rainwater that falls within the property.51  The footprint of the four buildings on site 
are said to be designed with the user in mind, allowing for an open space within the buildings 
                                                          
49 The Avenue. August 2011. http://www.sasaki.com/project/8/The%20Avenue/ (accessed 
January 31, 2013). 
50 Stream. October 19, 2012. http://www.sasaki.com/stream/view/235/ (accessed February 2, 
2013). 
51 Ibid. 
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while permitting use to the surrounding public.  The streetscape on the perimeter of the site 
includes wide sidewalk promenades bordered by rows of shade trees, large planting beds filled 
with mixed perennials, low shrubs and flowering trees, and a series of architectural planters 
filled with colorful seasonal plantings.  (http://www.sasaki.com/project/8/The%20Avenue/)  As 
shown in the site plan, there was no room for parking so the amount of parking required was 
met by locating a five-story parking garage directly beneath the site perimeter. 
 
Figure x below shows a section diagram of the stormwater management system onsite through 
the central area between the residential and business commercial towers.  This section helps to 
show how the rain water is collected on the site, filtered, stored, and pumped back into the site 
serving as an irrigation system.  If the tank fills or the water gets too high the excess water is 
released back to the Washington D.C. City storm drain system.  The central water feature in the 
courtyard functions systematically and aesthetically as part of the whole stormwater 
management system that collects rainwater which conveniently drains through a stormwater 
filter located directly below the central courtyard in the parking garage.  The water that is 
filtered and stored in a 7,500 gallon cistern is continuously recirculated and treated by the water 
feature that includes aquatic plantings that offer supplemental filtration.  In addition to the 
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aquatic plants the surrounding buildings have 8,000 square feet of green roofs that help to filter 
the excess rainwater through green roof layers, minimize stormwater runoff and control 
microclimates that help to reduce the local heat island effect.  
(http://www.sasaki.com/project/8/urban-courtyard-saves-water-and-dollars/)  This on-site 
sustainable water system significantly reduces the development’s dependence on the city’s 
inadequate combined sewer system, which periodically results in flooding of the National Mall 
and low-lying areas and contributes to pollution of the region’s rivers and streams. 
(http://www.sasaki.com/project/8/urban-courtyard-saves-water-and-dollars/)  It has also been 
noted recently that the courtyard at The Avenue helps to eliminate the use of potable water, 
saving 76,000 gallons of water and approximately $730 per year.  The landscape also reuses 
runoff, features native and drought-tolerant plants, and incorporates high efficiency irrigation 
systems, reducing water needed for irrigation by a total of 62%. 
(http://www.sasaki.com/results/) 
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 Pertinent Issues and Challenges 
This doctoral project research purpose is intended to show how aquaponics can be used as a 
self-sustained method in the future to improve current single family housing development.  
Further experimental research is required when funding becomes available.  This project focuses 
on aquaponics as a new sustainable solution to improve current tract housing developments.  
Some of the pertinent issues and challenges are as follows: 
 Short and long term economic outcome and benefits have not been verified at this time 
until funding becomes available through possible government, non-profit organizations 
or other private research funding. 
 Unlike photovoltaic, water catchment, grey water reuse, energy efficient appliances and 
other methodologies; aquaponics is yet to be approved by governing agencies as a 
viable sustainable solution.  Support from legislature and current policies could help 
with the recognition of aquaponics as a feasible method. 
 Aquaponics is yet to be viewed as a viable solution by the AEC community due to the 
lack in understanding of aquaponics as a new sustainable solution.  Educational 
seminars are needed so that the AEC industry could be the leaders of applying 
aquaponics in future designs so that builders will realize that aquaponics could 
potentially be a viable possible method that could be included as part of the standard 
design. 
 Current organizations related to sustainable developments could use more help and 
support towards the movement of self-sustained innovative methods.  This could be 
done through community education, public, private and non-profit educational and 
promotional events. 
 With the recognition of aquaponics as a self-sustained and sustainable technology, 
qualified organizations, such as LEED could include aquaponics as a path to a credential 
for receiving recognition for being self-sufficient. 
 Not many outside of the AEC industry have heard about aquaponics.  Perhaps, early 
education and exposure in aquaponics technology could be implemented through 
academia, architectural agencies, and other social media therefore those who are not 
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familiar with the technology could understand the importance and are more aware of 
this type of innovation.   
 Currently there are no subsidies program that include aquaponics technologies.  
Perhaps future government subsidies or private grants could help push this technology 
forward. 
 Although there will be views that including aquaponics as a standard housing design 
might be costly causing owners to be hesitant in including this technology.  The value of 
what could be gained from aquaponics is much greater; participants will gain self-
reliance, self-suficiency.  At a community level, it could lower food prices and create 
higher quality products, while raising the standard of food quality.  At a state level, the 
import and export choices could possibly be changed for the better, so that the nation 
could rely less on imported goods and increase income through exporting higher quality 
produce and fish. 
 Due to the lack of knowledge and understanding in the aquaponics systems, many could 
deter from including aquaponics due to the maintenance.  However, this doctoral 
project suggests an onsite maintenance facility that could support and teach occupants 
for future growth, which could also create jobs and provide an opportunity for Hawaii to 
be the leaders for including aquaponics systems.  Experts of aquaponics could also grow 
by spreading this knowledge beyond Hawaii, in neighboring United States Mainland and 
other developing countries. 
 Currently aquaponics is lacking a governing agency, by developing an agency, it could 
help many of the issues and challenges of including aquaponics, perhaps Hawaii could 
take the leadership role. 
Although this project does not address everything it is anticipated that the idea will create a 
trend for future designers, home builders and users. 
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Conclusions 
In conclusion, places like Hawai’i need to be more self-sustained. With the numerous innovative 
ways to integrate self-sustained practices such as aquaponics in the field of architecture, it is 
through confidence that this project helped to increase the awareness of the importance of self-
sustenance through integrated design option of aquaponics systems in single family housing 
development.  Creating an aquaponics system that creates jobs and improves typical suburban 
single family housing development lifestyles with the help of support maintenance facilities, will 
allow for future growth in Hawaii towards a more self-sustained future. 
Ways of practicing self-sustainability for medium income families 
Through this doctoral project, aquaponics has demonstrated to be a successful self-sustained 
method for single family housing development.  Through various research of current tract 
housing developments and multiple design options, aquaponics could easily be included as part 
of the tract housing current designs with slight modifications to the current structure and 
backyard layouts. A pond could be included in all backyards which would create ample lighting 
for fish and consistent temperatures throughout the day.  If a mini waterfall design option is 
chosen, the green roof would provide a suitable amount of produce and fish for a family of four 
to five with room for growth, while also providing natural aeration of water for fish and plants 
and an even distribution of nutrients to plants.  Plants and water could help create privacy 
between homes and possibly create therapeutic environments both inside and outside. 
Architectural, Engineering and CAD technologies as leaders of self-sufficiency 
Through research it has been found that Hawaii relies on 80% of imported food, therefore it is 
important for AEC to be the new leaders in pushing more sustainable methods throughout the 
overall designs.  Early education and exposure could help to implement aquaponics systems as a 
viable method for self-reliance to enabling Hawaii to be more aware of current issues pertaining 
to import dependence. 
Importance of Aquaponics 
Aquaponics reduces the burden placed on our oceans by promoting reliant food sources like 
fish, it does not depend on local soil quality or acres of fertile soil like with traditional farming 
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and may even be set up indoors with proper lighting.  Aquaponics also requires 90 percent less 
water than conventional farming methods where most of the water is absorbed and dried up 
into the land, it produces up to ten times more crops in less amount of space and time than is 
required for traditional farming methods and uses up to 75 percent less energy that almost any 
other farming method.  Most systems can produce year-round organic vegetables, fruits, and 
fish because there is no need for pesticides, fertilizers, herbicides for plants or antibiotics or 
hormones for the fish.  If aquaponics were fully or partially integrated with architectural design 
and there were ways to use aquaponics in certain areas of landscaping or even serve as green 
roofs and walls that could aid in multiple services; edible landscaping, insulated properties, 
reducing heat islanding in urban areas, and so on, it would be beneficial because combined 
technologies of architecture and aquaponics could reduce the carbon footprint of buildings that 
are responsible for 39 percent of carbon dioxide  (CO₂) emissions in the United States per year 
as seen in the chart below provided by the USGBC (U.S. Green Building Council)52, it could 
minimize energy use by incorporating renewable energy technologies, offer residence the 
freshest food with minimal transportation, as well as provide a wide range of healthy and high 
value foods all year round. 
Issues of using aquaponics for self-sustenance 
The issues for using aquaponics as a self-sustained method have been listed under the pertinent 
issues and challenges and it is in hopes that after addressing these issues, the idea will be taken 
into consideration as part of a design method that could improve current tract housing 
development in Hawai’i and other locations that are currently struggling with similar reliance of 
imported fish and produce.  
Self-Assessment 
This project has given me the opportunity to explore beyond the current boundaries.  It has 
taught me the values in the importance of self-reliance and finding various solutions to 
sustainable methods aside from including photovoltaic panels, energy efficient appliances, grey 
water reuse, and so on. 
                                                          
52 8 USGBC Buildings and Climate Change. December 2, 2008. 
http://www.documents.dgs.ca.gov/dgs/pio/facts/LA%20workshop/climate.pdf (accessed October 7, 2012). 
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Overall, this doctoral project was successful in addressing the project statement, goals and 
objectives, while answering the research questions by providing the solutions to viable sources 
in addressing the current issues that Hawai’i faces, including relying on imported goods. 
Since Hawai’i is not the only place that faces this problem, there are also other neighboring 
places such as the United States Mainland, isolated islands and developing countries that could 
possibly further expand and utilize the aquaponics technologies tailored to their own 
architectural trends. 
However, it is in hopes that this research project will continue to encourage future architects, 
students, new homeowners/interested buyers and AEC to provide better sustainable living 
environments through aquaponics while preserving the quality of life and the future of Hawai’i 
through a more self-reliant culture.   
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Appendix A:  Ewa by Gentry Community Association Design Committee Rules and Regulations 
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Appendix B:   
International Building Code 2012, Chapter 31 – Special Construction, Section 3109 
SECTION 3109 SWIMMING POOL ENCLOSURES AND SAFETY DEVICES  
 
3109.1 General.  
Swimming pools shall comply with the requirements of Sections 
3109.2 through 3109.5 and other applicable sections of this code.  
 
3109.2 Definition.  
The following term is defined in Chapter 2:  
 
SWIMMING POOLS.  
 
3109.3 Public swimming pools.  
Public swimming pools shall be completely enclosed by a fence not less than 
4 feet (1290 mm) in height or a screen enclosure. Openings in the fence shall 
not permit the passage of a 4-inch-diameter (102 mm) sphere. The fence or 
screen enclosure shall be equipped with self-closing and self-latching gates.  
 
3109.4 Residential swimming pools.  
Residential swimming pools shall comply with Sections 
3109.4.1 through 3109.4.3.  
 
Exception: A swimming pool with a power safety cover or a spa with a 
safety cover complying with ASTM F 1346 need not comply with Section 
3109.4.  
 
 
3109.4.1 Barrier height and clearances.  
The top of the barrier shall be not less than 48 inches (1219 mm) 
above grade measured on the side of the barrier that faces away from 
the swimming pool. The vertical clearance between grade and the 
bottom of the barrier shall be not greater than 2 inches (51 mm) 
measured on the side of the barrier that faces away from the 
swimming pool. Where the top of the pool structure is above grade, 
the barrier is authorized to be at ground level or mounted on top of 
the pool structure, and the vertical clearance between the top of the 
pool structure and the bottom of the barrier shall be not greater than 4 
inches (102 mm). 
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3109.4.1.1 Openings.  
Openings in the barrier shall not allow passage of a 4-inch-diameter 
(102 mm) sphere. 
3109.4.1.2 Solid barrier surfaces.  
Solid barriers which do not have openings shall not contain 
indentations or protrusions except for normal construction tolerances 
and tooled masonry joints. 
3109.4.1.3 Closely spaced horizontal members.  
Where the barrier is composed of horizontal and vertical members and 
the distance between the tops of the horizontal members is less than 
45 inches (1143 mm), the horizontal members shall be located on the 
swimming pool side of the fence. Spacing between vertical members 
shall be not greater than 13/4 inches (44 mm) in width. Where there 
are decorative cutouts within vertical members, spacing within the 
cutouts shall be not greater than 13/4 inches (44 mm) in width. 
3109.4.1.4 Widely spaced horizontal members.  
Where the barrier is composed of horizontal and vertical members and 
the distance between the tops of the horizontal members is 45 inches 
(1143 mm) or more, spacing between vertical members shall be not 
greater than 4 inches (102 mm). Where there are decorative cutouts 
within vertical members, spacing within the cutouts shall be not 
greater than 13/4 inches (44 mm) in width. 
3109.4.1.5 Chain link dimensions.  
Mesh size for chain link fences shall be not greater than a 21/4 inch 
square (57 mm square) unless the fence is provided with slats 
fastened at the top or the bottom which reduce the openings to not 
more than 13/4 inches (44 mm). 
3109.4.1.6 Diagonal members.  
Where the barrier is composed of diagonal members, the opening 
formed by the diagonal members shall be not greater than 13/4 inches 
(44 mm). 
3109.4.1.7 Gates.  
Access doors or gates shall comply with the requirements of Sections 
3109.4.1.1 through 3109.4.1.6 and shall be equipped to accommodate 
a locking device. Pedestrian access doors or gates shall open outward 
away from the pool and shall be self-closing and have a self-latching 
device. Doors or gates other than pedestrian access doors or gates 
shall have a self-latching device. Release mechanisms shall be in 
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accordance with Sections 1008.1.9 and 1109.13. Where the release 
mechanism of the self-latching device is located less than 54 inches 
(1372 mm) from the bottom of the door or gate, the release 
mechanism shall be located on the pool side of the door or gate 3 
inches (76 mm) or more, below the top of the door or gate, and the 
door or gate and barrier shall be without openings greater than 1/2 inch 
(12.7 mm) within 18 inches (457 mm) of the release mechanism. 
3109.4.1.8 Dwelling wall as a barrier.  
Where a wall of a dwelling serves as part of the barrier, one of the 
following shall apply: 
1. Doors with direct access to the pool through that wall shall be 
equipped with an alarm that produces an audible warning when the 
door and/or its screen, if present, are opened. The alarm shall 
be listed and labeled in accordance with UL 2017. In dwellings not 
required to be Accessible units, Type A units or Type B units, the 
deactivation switch shall be located 54 inches (1372 mm) or more 
above the threshold of the door. In dwellings required to 
be Accessible units, Type A units or Type B units, the deactivation 
switch shall be located not higher than 54 inches (1372 mm) and not 
less than 48 inches (1219 mm) above the threshold of the door. 
2. The pool shall be equipped with a power safety cover that complies 
with ASTM F 1346. 
3. Other means of protection, such as self-closing doors with self-
latching devices, which are approved , shall be accepted so long as the 
degree of protection afforded is not less than the protection afforded 
bySection 3109.4.1.8, Item 1 or 2. 
3109.4.1.9 Pool structure as barrier.  
Where an aboveground pool structure is used as a barrier or where the 
barrier is mounted on top of the pool structure, and the means of 
access is a ladder or steps, then the ladder or steps either shall be 
capable of being secured, locked or removed to prevent access, or the 
ladder or steps shall be surrounded by a barrier which meets the 
requirements of Sections 3109.4.1.1 through 3109.4.1.8. Where the 
ladder or steps are secured, locked or removed, any opening created 
shall not allow the passage of a 4-inch-diameter (102 mm) sphere. 
3109.4.2 Indoor swimming pools.  
Walls surrounding indoor swimming pools shall not be required to 
comply with Section 3109.4.1.8. 
140 
 
3109.4.3 Prohibited locations.  
Barriers shall be located so as to prohibit permanent structures, 
equipment or similar objects from being used to climb the barriers. 
3109.5 Entrapment avoidance.  
Suction outlets shall be designed and installed in accordance with 
ANSI/APSP-7.  
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